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SHIP RADAR COVERAGE FOR THE TWO-AND-ONE-HALF-STAGES-TO-ORBIT TECHNIQ?E 

By Harry J .  Miles 

SUMMARY 

This r e p o r t  p re sen t s  t h e  results of a s tudy  t o  s e l e c t  t h e  number 
and posit:-ons of t h e  t r ack ing  sh ips  needed t o  s a t i s e  t h e  ground support  
requirements f o r  t h e  two-and-one-half-stages-to-orbit technique.  

This r e p o r t  shows t h e  acqu i s i t i on  of s i g n a l  (AOS) , loss of s i g n a l  
(LOS) , range,  azimuth and e leva t ion  d a t z  f o r  each r ada r  s t a t i o n  considered 
i n  t h e  s tudy .  

INTRODUCTION 

The two-and-one-half-stages-to-orbit technique i s  a scheme by which 
a d d i t i o n a l  payload can be  gained by us ing  t h e  CSM as a t h i r d  s t a g e  during 
t h e  launch t r a j e c t o r y .  The i n t e n t  of  t h i s  r e p o r t  i s  t o  de f ine  t h e  number 
of t r a c k i n g  s h i p s  r equ i r ed  and t h e i r  l oca t ions  from which t h e  launch\  
t r a j e c t o r y  would have adequate t r ack ing  coverage. 
F l i g h t  Network (MSF'N) ground s t a t i o n s  considered f o r  t h i s  r epor t  were: 
S t a t i o n s  i n  t h e  v i c i n i t y  of Cape Kennedy, F lo r ida ;  Wallops I s l a r d ,  V i rg in i a ;  
and Bermuda. The coverage from t h e  s t a t i o n s  near  Cape Kennedy overlaps 
t h e  coverage from t h e  s t a t i o n  at  Bermuda t o  provide adequate coverage of 
t h e  launch t r a j e c t o r y  through SPS i g n i t i o n .  Wallops I s l a n d  covws  a 
p o r t i o n  of t h e  t r a j e c t o r y  t h a t  i s  covered adequately by Bermuda and i s  
not  presented .  

The Manned Space 

The d a t a  f o r  t h i s  r epor t  w a s  genera ted  wi th  t h e  a i d  of t h e  ARM04 
computer program, which uses t h e  i t e ra t ive  guidance mode ( I G M )  equat ions 
t o  guide t h e  S-IVB t o  i t s  spec i f i ed  t a r g e t .  

DISCUSSION 

The t r a j e c t o r y  c o n s t r a i n t  of an o r b i t a l  i n c l i n a t i o n  of  50' d i c t a t e s  
t h a t  t h e  only MSFN s t a t i o n  ava i l ab le  f o r  launch monitoring i s  Bermuda. 
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The primary ques t ion  t o  be answered by t h i s  s tudy  i s  how many sh ips  t o  
use and where t o  p o s i t i o n  them fo r  coverage of t h e  two-and-one-half- 
s tages- to-orbi  t technique . 

The fol lowing a r e  t h e  c o n s t r a i n t s  t h a t  were imposed upon t h e  two- 
and-one-ha1 f -s t ages -t 0-orb i t technique : 

1. 
50' and having no yaw s t e e r i n g  i n  t h e  S-IVB and CSM s t a g e s .  

I n s e r t  i n t o  a 81- by 120-n. m i .  o r b i t  having an i n c l i n a t i o n  o f  

2. The s h i p s  r ada r  AOS and LOS occurs a t  an  e l e v a t i o n  of  5' from 
t h e  l o c a l  h o r i z o n t a l .  

3. The s h i p s  g ive  cover i n s e r t i o n  p lus  3 minutes of pos t - in se r t ion  
coas t .  

A s  s t a t e d  above, t h e  ARM04 program w a s  used t o  genera te  t h e  d a t a  
f o r  t h i s  s tudy.  Analysis of t h i s  data o f f e r s  two approaches t o  so lv ing  
t h e  problem. They are as fol lows:  

1. The f irst  approach i s  t o  use t h e  ground s t a t i o n  Bermuda t o  
cover t h e  beginning of t h e  SPS burn. 
47.3' N l a t i t u d e  and 42' W longi tude covered i n s e r t i o n  and 3 minutes 
a r t e r  i n s e r t i o n .  
shown i n  f i g u r e  .l. 

A t r a c k i n g  s h i p  p o s i t i o n e d  a t  

The p o s i t i o n  o f t h e  s h i p  and r e s u l t i n g  coverage are 

2. The second approach uses Bermuda t o  cover SPS i g n i t i o n  and two 
t r a c k i n g  sh ips  f o r  t h e  remainder o f  t h e  burn.  The f irst  t r a c k i n g  s h i p  
i s  l o c a t e d  a t  46.2" N l a t i t u d e  and 54' W longi tude  and t h e  o t h e r  at 
49.2' N l a t i t u d e  and 34.8' longi tude.  This gives  complete coverage 
of t h e  SPS burn and t h e  3 minutes a f t e r  i n s e r t i o n .  The p o s i t i o n s  of 
t h e  sh ips  and t h e  r e s u l t i n g  coverage are shown i n  f i g u r e  2.  

Table I l i s t s  t h e  ground and sh ip  r ada r  s t a t i o n s  and t h e i r  p o s i t i o n  
coord ina tes .  Figure 3 presen t s  t h e  r a d a r  range,  e l eva t ion  and azimuth 
as a f lmct ion of e lapsed  t i m e  *om l i f t - o f f  f o r  Bermuda and each of 
t h e  t h r e e  t r a c k i n g  s h i p s .  

CONCLUSIONS 

It i s  assumed t h a t  t h e r e  i s  a requirement f o r  t o t a l  coverage of 
t h e  launch t r a j e c t o r i e s .  
and Bermuda would be r equ i r ed  t o  t r a c k  t h e  veh ic l e  through t h e  e n t i r e  
launch t r a j e c t o r y  and 3 minutes of pos t - in se r t ion  coas t .  For optimum 
coverage t h e  sh ips  should be  loca ted  a t  46.2' N ,  54'W, and 49.2' N ,  
34.8OW. 

The r e s u l t s  of  t h i s  s tudy show t h a t  two sh ips  
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TWO 

Three 

. 
I 

46.2 N 54 w 
49.2 N 34.8 w 

TABLE I.- RADAR STATION AND SHIP POSITION COORDINATES 

I I 
Lat i tude ,  Longitude, I deg 

S t a t i o n  

Bermuda I 32.3475278 N I 64.653556 W 

Ships : 

One 47.5 N 42 W 

Range, 
n. m i .  

32 000 

23 400 

23 400 

23 400 
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Figure 3.- Time nistory of radar pointing data for the two-and-one-half stages-to-orbit technique. 
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(b) Ship 1. 

Figure 3. - Continued. 
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(c) Ship 2. 

Figure 3. - Continued. 
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